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Abstract 
Coastal Highway Route E39 goes all the way from outside Trondheim in the middle of Norway following the west-coast down to 
Kristiansand. To be totally correct the E39 continues after a ferry from Kristiansand in Norway to Hirtshals in Denmark to the 
city of Aahlborg in Denmark. 
The total length of E39 along the coast of Norway is 1100 km. Today you can drive this route in approximately 21 hours, 
including 7 Ferry crossings. The goal of the project “Coastal highway route E39” (also known as the “Ferry Free E39”) is to 
make it possible to drive the distance in 13 hours and have fixed links instead of the seven ferries. 
The seven fjords has a width of 1.6 to 5 km, and depth of 400–1300 m, which means that the fixed links will be bridges longer 
and deeper than ever before. 
By using technology from Norwegian off-shore industry, especially the floating concrete oil platforms, we see that it is possible 
to anchor a floating construction on depths up to 1500 meter below sea level (mbs). We also know that we can have floating 
constructions; both bridges and submerged floating bridges (tunnels) are possible. 
Norway already has the longest road tunnel in rock (Laerdal tunnel 24.5 km), the longest subsea tunnel (Bomlafjord 7.8 km, 
Ryfast 14 km under construction 2014–17, Rogfast 27 km under construction 2016-) and the deepest subsea tunnel 
(Eiksundtunnelen 7.77 km long, 287 mbs). The public road network in Norway consist of 92,000 km roads, 17,000 bridges in 
operation and 1100 road tunnels, 35 of which is subsea tunnels. Norway also has 600 harbours and 51 airports (2014). 
From Norwegian industry, and overseas, we have had suggestions on how to solve the crossings. Three main concepts have been 
taken a step further; The Floating Bridge, The submerged floating tunnel and The TLP anchoring system (Tension-leg platform). 
We are now working on developing the concepts, which can be used separately or in combination in the crossings. The 
technology is now taken to a step where we shortly are able to start tendering (“Competitive dialogue” is the most likely tender). 
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Also in the “Coastal Highway Route E39” we have been looking at Tendering options, Energy production and consumption of 
the constructions and the overall economy in the project (both normal financial calculations, but also “game changer”-effects of 
bigger markets). 31 PhD graduates are connected to the project. At the same time the Norwegian Public Roads Administration 
(NPRA) have ongoing research projects on materials, extreme weather, environment, energy, traffic safety, ITS and road 
technology in general. 
The presentation will focus on the newest developments in the extreme crossings, but also mention ongoing supplementary 
projects/PhD-studies at the time. 
© 2016The Authors. Published by Elsevier B.V.. 
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1. Coastal Highway Route E39 
Route E39 is an 1100 km stretch from Trondheim in the middle of Norway, through the west coast of Norway 
down to Kristiansand. It also continues after a ferry-connection to Denmark from Hirtshals to Ålborg. 
In Norway the Coastal Highway nowadays runs through the area that delivers 50% of Norway’s income (not 
including oil and gas), and holds 30% of Norway’s population. Currently it takes 21 hours to go from Kristiansand 
to Trondheim, and you have to cross seven fjords with ferries.  
In 2010 the minister of Transport and communication came with an intension that an improved and ferry free E39 
should be built within 20 years, making it possible to take the journey in 13 hours by car. This includes crossing the 
seven fjords that are 1650–5000 meter wide, and up (down) to 1300 meter deep. 
To do this, the Norwegian Public Roads Administration put together a Program that in 2013 concluded that this 
was possible! In its long-term National Transport Plan (NTP 2014–2023) The Norwegian government has repeated 
the intension to finish the Coastal Highway Route E39 within 20 years. The intension is confirmed by the current 
Minister of transport and communication, Ketil Solvik-Olsen, that even if the prize-tag is increasing, the intension to 
make the west coast transport system more efficient, is still going politics. 
To cross the fjords, with constructions of extreme length, we are currently looking at how we can transform 
partly known technology used in a new and more advanced way. We see that the technology that we need to cross 
these fjords, need input from different specialists/sectors. We think that these crossings are not only bridges, but also 
a technology that can take us further, helping us cross barriers all over the world.  
This paper gives an overview of all the ongoing activities in the project, and show the complexity of such a large 
infrastructure project. I will touch upon and discuss: 
x Economic and social impacts 
x Safety issues 
x Technical solutions of extreme fjord crossings 
x Environmental issues 
x Energy harvesting potential and how to strive for a “Power Road” 
x Contracts and construction strategies 
x PhD work of our connected students (materials, structures, energy, contract, traffic models, economic impacts 
and more!) 
All of the topics above will just be touched upon briefly, since there will be several more presentations, both from 
people within the NPRA, others participating in our work and PhD students will present their ongoing work. 
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2. Economic and social impacts  
During the last three years, we have been looking for several ways to show the extra effect of the whole E39 
project, both with traditional transport economic models, but also looking into how we get an extra effect of bigger 
and joint working markets. I believe there will be separate presentations on this topic during TRA 2016. 
 
Fig. 1. The fjords to be crossed by E39 on the west coast of Norway. 
3. Extreme crossings 
On the E39 we are going to build two subsea tunnels. The longest will be 27 km (a new world record!), and 
situated just outside the city of Stavanger. Subsea tunnels are considered mainstream in Norway, since we already 
have 35 of them. The first subsea tunnels were built in the 1980-ties.  
Table 1. The subsea tunnels to be built. 
Fjord Length (km) Depth below sea level (m) 
Romsdalsfjorden (Subsea tunnel) 15.5 330  
Boknafjorden (Rogfast subsea tunnel) 27 390  
Along the E39, seven fjords needs to be crossed by other structures than a subsea tunnel. We are considering 
several options for the structures; 
x Suspension bridge 
x Floating bridge 
x Tension Leg Platforms (TLP)  
x Gravity Based Structures (GBS) 
x Submerged floating tunnel (SFT) 
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Table 2. The seven fjords to be crossed with bridge-constructions. 
Fjord Length (m) Depth (m) 
Halsafjorden 2000 5–600 
Julsundet 1650 5–600 
Sulafjorden 3800 500 
Vartdalsfjorden 2100 600 
Nordfjorden 1400 500 
Sognefjorden 3700 1250 
Bjørnafjorden 5000 5-600 
Langenuen 1300 500 
Principals of a TLP and a Submerged floating tunnel are shown in the figures below. In the presentation I will 
show more examples of possible constructions, made by different companies and different joint ventures of 
consultants. In the film1 we have made, you can see even more examples.  
a b 
     
Fig. 2. (a) TLP with suspension bridge; (b) submerged floating tunnel bridge. 
4. Technology qualification, risk management and Experts group 
To make sure the new constructions that we are planning can be constructed in the end, we use experience from 
the oil- and offshore industry, to ensure the robustness of the technology. We are currently trying several ways of 
qualifying the concepts, and the criteria that we are working on are still to be decided. The risks of extreme weather, 
natural hazards and technologies are also being looked at. Ship collisions in the fjords are one of the topics we are 
working on. To minimize the risk and get the best risk parameters we have initiated external expert-groups from 
around the world.  
5. Contracts 
The intension on the Coastal Highway Program is to have large contracts, and faster and less fragmented 
construction. We aim for more efficient planning, and cooperation with the consultant- and construction industry, 
and for the E39 we wish to use Competitive dialog. Today in Norway the Bid-Build in a traditional Unit Price 
Contract is dominating today: ~95% of NPRA’s contracts, where the detailed design and Bill of Quantities is 
prepared by NPRA (own staff or consultants). In the future, we aim for more Design-Build contracts. Also for the 
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E39, the respective NPRA Regional office (5) is the Contracting Agency. In the program we have PhD-students and 
researchers looking into how we can solve this in the best way. 
6. Energy production and harvesting along the Route E39 
One of the ambitions with the Route E39 is to make it energy neutral. So far the results show that it is possible to 
make the whole E39 energy neutral – the lower energy use during 40 year of operation will make up for the energy 
consumption during construction. To predict the future is difficult, so the calculations are not very accurate, but we 
look at the big numbers concerning the energy use and harvesting.  
We started optimistically trying to use the extreme constructions as a basis for energy harvesting. We saw that the 
potential for harvesting energy from sun, wind, waves and tidal water was huge. One of the first obstacles was the 
storage and transportation of energy, and how to not loose a lot of energy in the process. We soon realized that the 
extreme structures are so complex structures in themselves, dealing with wind, wave- and tidal forces, so we focused 
on energy harvesting along the road, and on simpler constructions.  
We are also looking at electrifying the road and other projects within the NPRA are dealing with platooning. All 
of these things may be used along the route, and both the roads and the subsea tunnel Rogfast (Rogfast Plus) are 
potential pilots. 
7. PhD-works 
The program has already initiated a lot of research, to mention a few already started R&D; environmental aspects 
(minimize the impact of the environment) both during construction and operations, Socio-economic and behavioral 
research, forward looking activities for policymaking (aim to develop a better basis for non-economic benefits), 
resilient to the possible impact of climate change consequences and improve the safety and security for road users. 
In 2014, we signed agreements for 31 PhD-topics (Fully and partly financed by the NPRA). In September 2015, 
there are as many as 42 PhD or Post Docs connected to the Coastal Highway Program. Currently we have several 
applications for new projects/students ongoing, and private companies around Europe have been in touch to sponsor 
work connected to our Program. The main contributing Universities are NTNU and UiS in Norway and Chalmers in 
Sweden. 
The PhD and Post Doc works includes all the topics mention above, and more. Of course, many deal with the 
constructions, loads, wind effects and materials, but we also look into Grafén (used in asphalt and concrete), toll 
roads, Biochemical degeneration of concrete and others. An overview of all the ongoing PhD/Post Doc work you 
find at our web-page www.vegvesen.no/ferjefrie39.  
Addidtional information 
All facts, reports and figures are taken from the www.vegvesen.no/ferjefrie39 web-page. 
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